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© Method for forming bone cement to an implant 

© A method for molding bone cement to a pros- 
thetic implant in which a cement mixture absent any 
amine initiators is molded about the implant and 
polymerization is initiated by exposing the cement 
mixture to a radiation source. The method eliminates 
the manufacturing timing problems of molding a 
polymerizing bone cement mixture to an implant. 
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This invention relates to a method of forming 
bone cement to a prosthetic implant and has spe- 
cific relevance to a method for forming bone ce- 
ment to an implant and initiating polymerization by 
exposing the cement to radiation within the elec- 
tromagnetic spectrum. 

Background of Invention 

Bone cement is commonly used to attach a 
prosthetic implant such as a hip stem to living 
bone tissue such as a prepared intramedullary ca- 
nal of a femur. Bone cements are typically acrylic 
polymeric materials which undergo polymerization 
when thoroughly mixed together. The preferred 
conventional bone cement is composed of a pow- 
der, polymethyl methacrylate (PMMA) polymer and 
a liquid, methyl methacrylate (MMA) monomer: The 
polymerization requires an initiator to catalyze har- 
dening. The initiator is typically a tertiary amine 
such as aniline or toluidine. The amine initiator 
cleaves the benzoyl peroxide in the PMMA powder 
component to produce the free radicals which ini- 
tiate the bonding of the liquid monomer. 

In a surgical application, the bone cement may 
be contaminated by blood, body fluids, water, and 
air bubbles which weaken the interlock between the 
bone tissue and implant. Prosthetic implants have 
been developed which include an outer layer of 
cement molded to the implant. By molding a layer 
of cement to the implant in a controlled environ- 
ment, the interlock between the implant and ce- 
ment is greatly improved. During the implant pro- 
cedure, an additional amount of bone cement is 
used to secure the implant to the bone tissue. The 
additional bone cement interacts molecularly with 
the layer of cement molded to the implant and 
interdigitates with the bone tissue to provide a 
positive interlock. 

Molding or applying bone cement to metal or 
composite prosthetic implants presents a variety of 
production difficulties. The bone cement must be 
applied to the implant to reduce the number of 
contaminants and voids as much as possible to 
ensure a positive interlock between the implant and 
cement. In an a preferred manufacturing setting, 
the cement is applied by a molding process. The 
implant is placed in a mold and the cement is 
mixed and extruded into the mold where it is 
polymerized around the implant. Extruding poly- 
merizing bone cement into a mold, however, is 
problematic. The viscosity of acrylic cements in- 
creases with the time elapsed after mixing the 
monomer and polymer components. In an extrusion 
process, the bone cement, after mixture, quickly 
becomes too stiff to be easily extruded into the 
molds. In addition, the amine initiators in the ce- 
ment which initiate polymerization discolor during 



sterilization, turning yellow or brown in color. 

Summary of Invention 

5 The method of this invention eliminates the 

extrusion problems of molding bone cement to 
implants by eliminating the need for an amine 
initiator in the cement mixture. In this method, 
radiation exposure is used to initiate polymerization 

70 of the liquid monomer. By eliminating the amine 
initiators, the viscosity of the cement mixture re- 
mains the same until radiated. Consequently, the 
liquid monomer and powder polymer can be pre- 
mixed and freely extruded into the mold from a 

75 batch container without any change in the viscosity. 
Eliminating the amine initiator also eliminates the 
discoloration problem which occurs during the ster- 
ilization of the implant. 

The cement mixture absent any amine initiators 

20 can be applied or molded to the implant manually 
or in an automated process. Preferably in a manu- 
facturing setting, the cement is applied to the im- 
plant in an automated extrusion process using con- 
ventional extrusion equipment and techniques. The 

25 individual implants are placed in a mold and the 
cement mixture is injected into the mold cavity 
under pressure to eliminate any voids. The cement 
mixture remains stable and viscous until the im- 
plant and cement mixture inside the mold are ex- 

30 posed to a radiation source. Radiating the liquid 
monomer with relatively low energy X-rays or rela- 
tively high energy gamma rays produces free radi- 
cals in the monomer which begins the polymeriza- 
tion inside the mold. Once the monomer is com- 

35 pletely polymerized or cured, the implant is re- 
moved from the mold and is ready for sterilization 
and packaging. In another variation of the method, 
a photosensitive initiator is added to the liquid 
monomer. The mixture is exposed to a light source 

40 to initiate polymerization as the mixture flows into 
the mold. A transparent mold may also be used so 
that the mixture can be exposed to the light source 
after the introduction of the cement mixture into the 
mold. 

45 It should be understood that the cement miture 

could be applied topically to an implant or used to 
as an adhesive to affix a thick layer of cement to 
an implant. 

Accordingly, an advantage of this invention is 
so to provide a method of forming bone cement to a 
prosthetic implant in which a cement mixture ab- 
sent any amine initiators is placed on the implant 
and polymerization is initiated by exposing the 
cement mixture to a radiation source to adhere the 
55 cement to the implant. 

Another advantage is to provide a method of 
forming an acrylic bone cement to a prosthetic 
implant which eliminates the need for an amine 
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initiator in the cement mixture. 

Another advantage is to provide a method of 
forming an acrylic cement to an implant wherein 
the cement mixture remains flowable until exposure 
to a radiation source initiates polymerization. 

Other advantages will become apparent upon a 
reading of the following description. 

Brief Description of the Drawings 

The preferred embodiments of this invention 
have been depicted for illustrative purposes only 
wherein: 

Fig. 1 is a flow chart of the method of poly- 
merizing a bone cement about a prosthetic im- 
plant of this invention. 

Fig. 2 is a flow chart of the method of this 

invention used in an extrusion process. 

Fig. 3 is a flow chart of a second variation of the 

method of this invention used in an extrusion 

process. 

Description of the Preferred Embodiment 

The preferred embodiments herein described 
are not intended to be exhaustive or to limit the 
invention to the precise form disclosed. They are 
chosen and described to explain the principles of 
the invention and their application and practical use 
to enable others skilled in the art to utilize their 
teachings. 

As shown in Fig. 1, the method of this inven- 
tion uses radiation to initiate the polymerization of a 
bone cement in the application or molding of the 
cement to a prosthetic implant. The method uses a 
bone cement absent any tertiary amine initiators. 
The cement mixture includes a powder polymer 
and a liquid monomer. The liquid monomer prefer- 
ably methyl methacrylate (MMA) is formulated to 
contain no amine initiators such as aniline or 
toluidine including N,N'-dimethyl p-toluidine or 
dihydroxyethyl-o-toluidine. The powder polymer is 
preferably polymethyl methacrylate (PMMA). Op- 
tionally, the powder polymer may contain a styrene 
copolymer. It should be noted that the mixture of 
the liquid monomer and powder polymer is stable 
and will retain its viscosity for an extended period 
of time. 

The cement mixture can be applied to the 
implant manually or in an automated process. Pref- 
erably in a manufacturing setting, the cement mix- 
ture is applied to the implant in an extrusion pro- 
cess using conventional extrusion equipment and 
techniques. Extrusion equipment and devices suit- 
able for extruding the bone cement mixture as 
described about prosthetic implants are well known 
in the art. Conventional extrusion equipment gen- 
erally includes a mold, a hopper in which the 



cement mixture is contained, and an injector which 
forces the cement mixture into the mold. 

As shown in Fig. 2, the implant is first inserted 
into a suitable mold. The implant is fitted into the 

5 mold so that the cement mixture will cover a por- 
tion of the implant body. The mold is contoured to 
form the cement mixture to the intended outer 
geometry of the finished implant. Next, the flowable 
cement mixture is injected into the cavity of the 

10 mold under pressure to eliminate any voids. In the 
last step, the cement mixture within the mold is 
exposed to an source of radiation in the elec- 
tromagnetical spectrum, such X-rays or gamma 
rays to initiate polymerization of the monomer in 

75 the cement mixture. Conventional radiation equip- 
ment, such as X-ray equipment used in medical 
application for diagnosis and industrial application 
for metal component inspection, can be used to 
directly expose the mold and cement mixture to 

20 radiation. Radiating the cement mixture creates 
free radicals in the monomer. The action of the free 
radicals commences the polymerization of the 
monomer. In addition, any benzoyl peroxide group 
which may be in the PMMA may provide an addi- 

25 tional source of free radicals. The energy level of 
the radiation source and length of exposure is 
selected relative to the cumulative mass of the 
monomer, the implant, the mold and the desired 
rate of polymerization. 

30 Fig. 3 diagrams another variation of the method 

of this invention. In this variation, a light activated 
initiator is added to the cement mixture similar to 
the cement used in dental application to fill voids in 
teeth. The photosensitive initiator is added to the 

35 liquid monomer. Polymerization is initiated by ex- 
posing the mixture to a light source while in the 
mold through a transparent mold or while the ce- 
ment mixture is being extruded into the mold. The 
exposure to the light source activates the pho- 

40 tosensitive material to begin the polymerization. 

It should be understood that while the speci- 
fication generally refers to the process for molding 
cement to an implant, the term molding should be 
loosely interpreted. The cement mixture may infact 

45 be topically applied to an implant. Further, the 
cement mixture may be topically applied to the 
implant to act as an adhesive for a second compo- 
nent such as a pre-formed solid layer of cement. 
It is understood that the above description 

so does not limit the invention to the details given, but 
may be modified within the scope of the following 
claims. 
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Claims 

1. A method for adhering a bone cement mixture 
to a prosthetic implant comprising the step of: 
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(a) applying the bone cement mixture to the 
implant, said bone cement mixture including 
a liquid monomer component; characterised 
in that the method comprises the further 
step of: 
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(b) exposing said bone cement mixture to a 
radiation source in the electromagnetic 
spectrum to initiate polymerisation of the 
liquid monomer whereby the bone cement 
mixture hardens on the implant. 
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2. The method of Claim 2 wherein said radiation 
source in step b is gamma ray radiation. 

3. The method of Claim 1 or Claim 2 wherein 75 
said radiation in step b is X-ray radiation. 

4. The method as claimed in any preceding claim 
characterised in that the bone cement mixture 

is substantially free of chemical initiators. 20 

5. The method as claimed in any preceding claim 
characterised in that the bone cement mixture 
is substantially free of amine initiators. 



6. The method as claimed in any preceding claim 
characterised in that the cement mixture is 
applied in a fluid state. 

7. The method as claimed in any preceding claim 30 
characterised in that the method comprises a 
step prior to (a) in that the implant is first fitted 
within a mould into which the cement mixture 

is introduced. 



8. An orthopaedic implant comprising: a body, a 
coating of a fluid bone cement mixture depos- 
ited on a portion of the implant and exposed to 
electromagnetic radiation to cause the fluid 
bone cement mixture to polymerize and har- 40 
den on the implant. 

9. An orthopaedic implant comprising a body 
coated with a layer of bone cement charac- 
terised in that the cement mixture is substan- 45 
tially free of chemical initiators. 

10. An orthopaedic implant as claimed in claim 9 
characterised in that the bone cement mixture 

is substantially free of amine initiators. so 
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